In this paper, we present a novel multiple description transform image coding architecture, which uses an attractive transform called non-subsampled contourlet transform (NSCT). It combines NSCT and orthogonal matching pursuit algorithm (OMP) to give a sparse representation of images, aiming at solving the compression problem due to the redundancy property of NSCT. In this way, OMP turns to give a solution to remove the redundancies. We evaluate the performance of our image coder in the case of four descriptions that are dispatched over different channels. The experimentations show that the proposed method is efficient and the potential using NSCT than DWT in multiple description image coding, is evaluated by PSNR in each case of packet loss, where every description can reconstruct the image with acceptable fidelity, the later is much better if all descriptions are available.
Introduction
Multiple description coding (MDC) is an effective joint source-channel coding for reliable image communication over lossy channels whose objective is to encode the source into two or more equivalent bitstreams known as descriptions, the main goal is to transmit these descriptions through different channels. In MDC scheme, descriptions are separately generated and formed in such a way that the quality reconstruction can be obtained in the absence of some descriptions, high quality is achieved if all vectors are received. Several MDC methods have been proposed in recent years, the first was designed by Vaishampayan (1993) and Vaishampayan and Domaszewicz (1994) known as multiple description scalar quantisation (MDSQ) in which a multiple description design focus on scalar quantisation system. Other designs of MDC scheme based on wavelet transform considering the use of pairwise correlating transform PCT, have been addressed by and Wang et al. (2001) . Recently, a wavelet transform-based MDTC approach for image coding is proposed by Khelil et al. (2007 Khelil et al. ( , 2011 which is an improvement of MDTC studied by Kovacevic (1998, 2001) , and Orchard et al. (1997) in the case of four descriptions generated from the wavelet decomposition step where they constitute significant MDTC coder based on wavelet transformation and uniform quantisation with constant step for each description issue from the subbands obtained after applying one level decomposition. Ashwani et al. (2014) investigated the MDTC-DWT scheme for transmission over OFDM fading broadcast channels, where they applied a cascade structure for generating four descriptions and a pairwise correlating transform to add a controlled amount of correlation. In their study, they compared MDTC to FEC-MDC for OFDM system and have demonstrated the performance of the proposed scheme in severe channel conditions.
There are some works having been reported on the application of redundant transform in MDC design (Li and Canhui, 2009; Belloulata, 2015a, 2015b) . The main contribution of this paper reply on robust image transmission over lossy channels associating redundant transform NSCT and orthogonal matching pursuit (OMP) algorithm. While DWT lacks shift-invariance, NSCT is a shift invariant version of contourlet transform (CT) which is constructed of non-subsampled pyramid (NSP) building of two channel non-subsampled filter bank (NSFB) to provide multiscale decomposition and non-subsampled directional filter bank (NSDFB) that is the shift-invariant version of the critically sampled DFB in CT also built upon two channel NSFB to provide directional decomposition (Cunha et al., 2006) . The major challenge to apply NSCT for image and video coding is that is a redundant transform, in fact, we choose to apply OMP algorithm to reduce the number of coefficients representing the image. Kaur and Budhiraja (2014) implemented OMP and demonstrated that it gives faster recovery of an image compared to the least squares method of recovery in fact that OMP is easily implemented and is faster. The rest of the paper is organised as follows: we briefly introduce the NSCT, we then describe the MDTC scheme based on PCT, and then we present our proposed MDTC coder using NSCT. In Section 6 we give simulation results followed by conclusion in Section 7.
Non-subsampled contourlet transform
NSCT is a shift invariant version of CT. Thus, its construction can be divided into two parts: a NSP structure which ensures the multiscale property and a non-subsampled DFB which provides directionality. The NSCT eliminates the downsamplers and the upsamplers during the decomposition and reconstruction of images to get rid of the frequency aliasing of the CT and achieve the shift invariance. 
Non-subsampled pyramid
The NSP is building of two channel 2-D filter bank structures that has no down-sampling or up-sampling, a perfect reconstruction condition is given in the Bezout identity as
To achieve the multiscale decomposition, the NSP is constructed by iterated NSFBs. The ideal frequency response of NSP structure is given in Figure 2 (a).
Non-subsampled directional filter bank
The NSDFB of Bamberger and Smith (1992) provides directional decomposition by using also two channel NSFB. However, the ideal frequency response for a NSDFB is shown in Figure 2 (b) . NSDFB is iterated to obtain finer directional decomposition. For the next level, all filters are up-sampled by a quincunx matrix given by
The NSCT is obtained by the 2-D NSP that provides multiscale and NSDFB to give directionality, the resulting frequency plane division is displayed on Figure 1 (b) where the number of directions increases with frequency. 
Orthogonal matching pursuit technique
The OMP approach is an effective iterative projection-based algorithm for processing signals up to some dimensionality. It may become prohibitive because of its storage requirements when the signal dimension exceeds some values. In this respect, matching pursuit (MP) algorithm introduced by Mallat and Zhang (1993) has the advantage of being suitable for processing very large dimensional signals and for 2-D image (Rebollo and Bowley, 2013) . A refinement to MP, which yields an orthogonal projection approximation at each step termed OMP (Pati et al., 1993) . In this work we adapted an OMP algorithm used for sparse representation of astronomical images (Rebollo and Bowley, 2013) , where they ensure the effectiveness of OMP to get fast sparseness. In addition to selecting only linearly independent atoms, the OMP approach improves upon MP numerical convergence rate, therefore, a better approximation of a signal after a finite number of iterations, OMP provides a decomposition of the signal as given by
where c k (n) are computed in such away that is true that Let
∈ be a spanning set for an inner product space V n of finite dimension N and f ∈ R N a signal to be approximated by an element
where K < N. When N = M and spanning set D is linearly independent it is a basis for V N , otherwise it is a redundant frame (Rebollo and Bowley, 2013) .
MDTC using pairwise correlating transform
The first MD transform image coding was proposed by Orchard et al. (1997) for Gaussian sources decorrelated using Karhunen-Loeve (KL), then they applied two approaches of 2 × 2 MD transform coding on each pair of KL coefficients. A basic transform coding framework was described by Wang et al. (2001) to realise the objective of MDTC, they proposed 2 × 2 pairwise correlating transform for JPEG standard to introduce a controlled amount of correlation among the transformed coefficients in the case of two descriptions, such that each group consists of N/2 from N transformed input variables so, if one vector is lost, it can be estimated from the others. A generalisation of the coding structure proposed by Orchard et al. (1997) was implemented by following the steps below:
1 The decorrelated source vector x is quantised with uniform quantisation with step size Δ:
2 The quantised vector x q is then transformed with a discrete transform ˆ:
where T is a discrete version of a linear transform T which is factored into lifting steps (Daubechies and Sweldens, 1998) given by the product of upper and lower triangular matrices with unit diagonals
3 The resulting transformed vectors are independently entropy coded.
A generalisation of this method was presented by Goyal and Kovacevic (2001) , they considered the case of coding two independent zero-mean Gaussian tuples with variances σ using the continuous transform T:
with det T = 1.
The relationship between T and T is demonstrated by Goyal and Kovacevic (2001) . However, another solution was extended from the simplest case of sending two variables or more over two channels to an MDTC cascade structure to send four variables over four channels. They described the corresponding transform as a parallel use of two by two transforms of the form given by .
The form of the cascade structure transform illustrated in The MDTC approach developed in Kovacevic (1998, 2001 ) is based on pairwise correlating transform to introduce redundancy between independent zero-mean Gaussian random variables with different variances that have been obtained by deccorelating the image using NSCT. The problem of MDC is summarised in Figure 4 where description 1 and description 2 sent respectively on channel 1 and channel 2 must be highly independent to be individually good, therefore, as shown in Figure 4 a correlating transform is used. Thus, in reception each description will contribute little extra information.
Similar to the MDTC methodologies, the coder implementation of a source vector X is done as below:
1 use a deccorelating transform 2 quantise the output transformed coefficients 3 PCT is applied to each quantised vector to generate correlated descriptions 4 apply entropy coding on each obtained description. Many studies have proven that redundant transforms are very efficient in image denoising, image enhancement and image fusion (Muduli and Pati, 2014) . On the other hand, Laplacian pyramid decomposition was used (Jadhav et al., 2015) to present a new characteristic for colour image quality assessment. Furthermore, Tamilarasi and Palanisamy (2012) proposed a wavelet-based contourlet image compression algorithm. The major challenge to apply NSCT for coding is that is an overcomplete transform which produces more times the data that DWT does. In our proposed system, to efficiently represent the underlying image, we wish to reduce the number of NSCT coefficients by applying OMP algorithm to select significant ones, remove redundancy to increase sparsity of the signal in order to attend the objective of compression. An overcomplete transform is not necessary inutile in coding aim because redundancy serves in choosing the basis functions to employ in representing a signal. The retained coefficients to represent the image signal closely can be smaller than that obtained with an orthogonal transform like DWT even if the transform itself is redundant. The performance of codec depends on the decomposition method, the quantisation strategy and way to code coefficients. Many schemes of image compression based on wavelet improved success and efficiency. In the proposed coder the image is subjected first to spatial decomposition with NSCT, then the transformed coefficients are approximated with OMP algorithm, uniformly quantised and entropy coded to be finally transmitted over an MDTC coder system.
The first MD approach pioneered by Vainshampayan using scalar, vector or trellis quantisation was designed to construct two descriptions based on Lloyd-like clustering algorithm to minimise side rates R 1 , R 2 , side distortions D 1 , D 2 and central distortion D 0 . In another approach pioneered by MD coder is constructed using a linear transform, which introduces a controlled amount of correlation between the vectors that have been separately describing. We propose MD scheme based on NSCT where we utilise MDTC technique used by and Khelil et al. (2007) and adapt the OMP algorithm developed for sparse representation of images (Rebollo and Bowley, 2013) to minimise coefficients number of NSCT. The next scheme focus on the case of four channels, in such coder a sequence of source vectors is given to construct descriptions of similar importance, which are transmitted over separate channels to the decoder, where the latest has to reconstruct the original signal in the case of loss of one or more sequence. We discuss here the case of communication of four sets of coefficients obtained from one level NSCT decomposition.
Experimental results and discussions
In this section we evaluate the performance of our MDTC coder using MATLAB by testing several 512 × 512 greyscale images of different characteristics for the MDTC/DWT and MDTC/NSCT Coders. As Rebollo and Bowley (2013) , we use OMP algorithm for sparse approximation of transformed images. Table 1 Average sparsity ratio and time processing by partitioning images into blocks using OMP Table 1 shows the calculated sparsity ratio SR defined as number of pixels/number of coefficients and the execution time spent by the OMP approximation for boat 512 × 512 and Lena 512 × 512 gray scale testing images for different size of the blocks partitioning. At a fixed peak signal to noise ratio (PSNR) value we can observe from the table that the sparsity increases for higher block size partitioning image. Simulation results given in Figures 5-7 presents PSNR as function of the bit rate estimated by sample scalar entropies, when a redundancy of 0.125 bit/sample is evenly allocated to the four descriptions. From figures, we can observe that our method outperforms MDTC/DWT at both low and high bit rates. From the reconstructed images, PSNR is calculated at bit rate of 1 bit/sample, and the obtained results of the two implemented decompositions are listed in Table 2 in the case of one, two and three packets dropped, when PSNR improves reconstruction quality of MDTC/NSCT compared to MDTC/DWT. It can be seen from the curves that clearly MDTC/NSCT outperforms MDTC/DWT as confirmed by the values given in the table where an important gain of average PSNR is observed where our approach can give up of 11 dB gain improvement in the case of three packets lost for different images coded at the same bit rate. As mentioned in Table 2 , Figures 8-13 also demonstrate visual qualities of reconstructed images for NSCT features over wavelet features. It should be noted that low pass decomposition is performed with 'haar' filters and 'pkva' filters, with this decomposition we obtain one band pass image and eight directional subbands. To encode an image, we have discussed the proposed tool based on non-subsampled contourlet and wavelet decompositions using a uniform subband quantisation at fixed step Δ. Clearly our proposed scheme offers better and good reconstruction of the original image for computational and visual image quality even for more packet loss. 
Conclusions
In this paper, we proposed a new approach of MDTC based on a redundant transform NSCT that can be effective in image compression, we carried out a comparison between MDTC-NSCT and MDTC-DWT coders for several greyscale images with different spectral characteristics, simulation results show that our MDTC scheme provides better performance than MDTC-DWT and gives an apparent gains in term of PSNR using sparse representation of images when we apply an effective OMP algorithm. OMP is chosen and applied to achieve higher sparsity and reduce substantially the number of coefficients of NSCT subbands. In this fact, the calculated sparsity ratio increases with the block size of partitioning. DWT has been considered more preferable than redundant transform for image coding in reason of more present coefficients to be coded. From the experiments, the presented coder based on NSCT is a good example to show that redundant transform can outperform and gives higher quality. The presented and implemented design based on NSCT, PCT and OMP outperforms MDTC-DWT by up 8 dB in average for still images in different cases of description loss considering uniform subband quantisation. In our investigation the two MDTC coders based on NSCT/OMP and DWT are tested on different images applying entropy coding of subband vectors. Our proposed strategy is clearly effective than the traditional MDTC structure based on non-redundant transforms in term of degradation of images quality measured through PSNR. From the illustrated comparative study the redundant transform NSCT is more advantageous than non-redundant transform DWT.
